ABSTRACT: Patients treated with teriparatide after prior and ongoing alendronate therapy experience spine BMD increases; however, some continue to be at high risk for fracture, based on persistently low BMD and/ or fracture history. The objective of this study was to determine whether a second discrete retreatment course with teriparatide could produce similar biochemical and BMD changes as seen during the first teriparatide course. In the original treatment study, 126 women on alendronate for 1 yr were randomized to continue alendronate and receive daily teriparatide, cyclic teriparatide (3-mo cycles), or alendronate alone for 15 mo. Of the 72 patients who completed either original teriparatide regimen, 49 completed a 12-mo follow-up on continued alendronate alone. At that time, 32 patients, who remained at high risk of future fracture, were recruited into the retreatment protocol and 27 completed another course of teriparatide administered daily for 15 mo (including 15 from the original daily treatment group and 12 from the original cyclic treatment group). Bone formation indices (propeptide of type I procollagen and osteocalcin) increased during both teriparatide courses with median 3-mo increments of 120% and 72% above baseline during the original course and 60% and 40% above baseline during retreatment, respectively. Mean spine BMD increments were 6.2% after the first daily course and 4.7% after retreatment and 4.1% after the first course of cyclic teriparatide and 4.9% after retreatment. We conclude that retreatment with teriparatide stimulates bone formation and increases spine BMD to a similar extent as seen during the original teriparatide course. Retreatment with teriparatide may be a viable option for some patients with severe osteoporosis who have received prior teriparatide therapy.
INTRODUCTION
T HE FDA CURRENTLY recommends that the duration of teriparatide (TPTD) therapy for women with osteoporosis be limited to 24 mo, (1) based largely on the findings of a rat carcinogenicity study. (2, 3) However, beyond potential safety concerns, shorter treatment periods might also be more efficient with regard to anabolic effect. Prior studies indicated that biochemical measures of bone formation exceed those of bone resorption during the first 3-6 mo of therapy, providing the greatest opportunity for bone growth (widest anabolic window).
(1,4-7) Furthermore, bone turnover levels usually plateau between 6 and 12 mo and subsequently decline, suggesting that the skeleton becomes resistant to ongoing TPTD administration and bone benefits might be of lesser magnitude at this latter stage of therapy. This is consistent with BMD findings, which are most marked, particularly in the spine, over the first year of therapy. (4, 6, 7) Therefore, it is possible that the optimal use of TPTD to enhance bone growth would be for shorter periods, with consideration of retreatment in the future, if necessary.
In patients who receive TPTD, it is necessary to follow the TPTD course with an antiresorptive agent, such as alendronate, to maintain or enhance TPTD-induced benefits. (8, 9) However, there have been questions concerning the anabolic potential of TPTD in patients who have received prior alendronate that might preclude retreatment with TPTD as a viable therapeutic option. To this end, prior studies by our group and others have shown an anabolic effect of TPTD even after long-term alendronate administration, (6, (10) (11) (12) but the magnitude of the BMD increment might depend on whether the previously used antiresorptive agent is continued or stopped when TPTD is started. (13) In this study, we determine whether BMD remains stable with continued alendronate over 1 yr after TPTD administration and whether retreatment with a second discrete course of TPTD (while subjects remain on alendronate) can produce another anabolic effect on the skeleton.
MATERIALS AND METHODS

Subjects
In our original protocol, (14) 126 women on prior and ongoing alendronate were randomized to continue alendronate and receive daily TPTD or cyclic TPTD (3-mo cycles) or remain on alendronate alone. One hundred eight women completed the original 15-mo treatment protocol (n = 72 women on TPTD, including 38 from the original daily group and 36 from the original cyclic group). A total of 49 women (24 from the original daily group and 25 from the original cyclic group) completed the 12 mo of follow-up on alendronate alone. At that time, women were approached to determine eligibility and interest in the retreatment study. The inclusion criteria for the retreatment protocol were completion of the original TPTD course, completion of the 12-mo follow-up on alendronate alone, and current BMD at the spine, total hip, or femoral neck 22.5 or occurrence of osteoporosis-related fractures in the prior 3 yr. A total of 32 women from one of the original TPTD groups (17 from the original daily TPTD group and 15 from the original cyclic TPTD group) agreed to participate in the extension study and receive another 15-mo course of TPTD.
Treatment protocol
All volunteers continued alendronate 70 mg once weekly and received daily TPTD 25 mg/d during the 15-mo retreatment period, in addition to a total calcium intake of 1200 mg/d through diet and supplements and vitamin D intake of at least 400-1000 IU/d, based on maintenance of serum 25(OH)D target levels above 25 ng/ml.
Both daily self-administered TPTD and oral once weekly alendronate were well tolerated in all subjects. Compliance was >80% with both medications. A total of five women withdrew during the retreatment protocol for reasons unrelated to study medication.
Assessments
Fasting serum and second void urine samples were obtained at baseline (just before TPTD retreatment) and at 3, 6, and 15 mo during TPTD retreatment. Osteocalcin (OC) was measured by immunoradiometric assay (Immutopics), and N-terminal propeptide of type I procollagen (PINP) was measured by an Osteomark ELISA (Ostex International). Baseline second-void fasting urine samples were analyzed for bone resorption by measuring the levels of urinary cross-linked N-telopeptide (NTX) with the use of an ELISA (Ostex International) and creatinine by standard automated methods. All intra-assay CVs were <8.3%, and interassay CVs were <13.7%.
BMD was measured in the spine and hip by DXA at baseline (just before TPTD retreatment) and after 15 mo of retreatment using the Lunar Prodigy (General Electric/ Lunar). In vivo short-term precision was 0.7% for spine measurements and 0.9% for total hip measurements. Longterm precision (2 yr) was <1.7% for all sites.
Statistical analysis
Descriptive variables for the group entering the retreatment study were compared with the original TPTD groups and the group who did not enter the retreatment study by t-tests to determine whether the retreatment sample appeared biased.
BMD stability over the 12-mo alendronate-only interval was determined by comparing mean BMD levels in both the spine and hip at the end of the original 15-mo trial and at the end of the 12-mo alendronate-only interval by paired t-tests (for those who completed the entire 27-mo study).
Absolute change in BMD at 15 mo during TPTD retreatment was compared with absolute change at 15 mo during the first TPTD treatment using paired t-tests (for those who completed the entire study). When the original cyclic and daily groups were analyzed separately, there were no differences in results. Because the first 3-mo phase of the original protocol was identical for the daily and cyclic groups, biochemical results were pooled for the two groups for each treatment period and analyzed by signed rank tests to determine whether there were differences in the magnitude of the changes seen between the first TPTD treatment and the retreatment. Biochemical turnover indices were also compared at baseline and 15 mo during the retreatment for the original daily group, although no statistical analysis was performed comparing baseline to 15-mo biochemistry during the retreatment in the original cyclic group because the protocol was distinctly different for the original TPTD treatment versus the retreatment.
The proportion of patients above and below least significant change levels with regard to biochemical markers (21% for PINP and OC, 70% for NTX) (15) and various BMD increments (<3%, 3-6%, and >6%) were determined and compared between the first TPTD treatment and retreatment using Fisher's exact tests.
RESULTS
There were no differences in height, weight, body mass index, years on alendronate, years from menopause, or BMD comparing the group entering the retreatment study with the original TPTD groups. Furthermore, these descriptive variables did not differ between those who entered the retreatment study compared with those who did not enter the retreatment study, with the exception of BMD. BMD was significantly higher at all skeletal sites at the end of the 27-mo trial in those subjects who did not enter the retreatment protocol (consistent with the entry criteria for the retreatment study).
In the original treatment trial, mean spine BMD levels increased similarly in both daily and cyclic cohorts over 15 mo (6) and remained stable in the 49 patients who completed the subsequent 12-mo observation on alendronate alone (n = 25 from the original daily group and n = 24 from the original cyclic group). Table 1 shows descriptive characteristics, baseline biochemistry, and BMD for subjects recruited into the retreatment protocol (n = 17 from the original daily group and n = 15 from the original cyclic group). The cohorts were very similar, with a difference only for hip BMD (slightly higher at baseline in the original daily group at the time of retreatment). Figure 1 shows the median biochemistry values at baseline and 3 mo during the two TPTD treatment periods (original daily and cyclic groups pooled for the 3-mo analysis). Bone turnover indices increased during the first 3 mo of the TPTD retreatment similarly to what was seen during the original treatment course, although the magnitude of increments varied. Median absolute increments were 26.5 mg/liter, 4.9 ng/ml, and 3.5 nmol BCE/mM Cr above baseline (P1NP, OC, and NTX, respectively) during the original TPTD course and 11 mg/liter, 2.2 ng/ml, and 4.9 nmol BCE/mM Cr above baseline, respectively, during the retreatment. All 3-mo values were significantly different compared with their respective baselines with the exception of NTX, which did not change significantly after 3 mo in either the original TPTD course or TPTD retreatment. When comparing the original TPTD treatment versus retreatment, there were no significant differences in increments, except for P1NP, which increased significantly more with the original TPTD course compared with TPTD retreatment (p < 0.001). The proportion of subjects who had biochemical increments at 3 mo above the least significant change (LSC) for each biochemical variable during the first TPTD course (original and cyclic groups pooled) and TPTD retreatment were similar. For P1NP, 96% of subjects during the first course and 81% during the retreatment exceeded the LSC. For OC, 85% during the first course and 81% during retreatment exceeded the LSC. In contrast to the biochemical indices of bone formation, the majority of women did not exceed LSC for urinary NTX after 3 mo of TPTD administration (only 23% during the first TPTD course and 27% during TPTD retreatment). There were no significant differences in the percentages of women exceeding LSC during the first TPTD course compared with the TPTD retreatment for any of the biochemical variables. Figure 2 shows median biochemical bone turnover levels during the first 15-mo TPTD course and during the 15-mo retreatment for the original daily group. Biochemical 
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responses were very similar during the original course and retreatment throughout the respective treatment periods. For each biochemical variable, levels reached a plateau between 9 and 15 mo, with similar levels attained during the first course and retreatment. Figure 3 shows the mean spine BMD levels at baseline, at 15 mo after the original TPTD course, at 27 mo (after 12 mo on alendronate alone), and at 42 mo (after TPTD retreatment) for the original daily and original cyclic groups separately. Increments were similar during each TPTD course between the two groups and between the first TPTD course and TPTD retreatment. In the original daily group, mean spine BMD increased 0.047 ± 0.05 g/cm 2 during the first TPTD course, was stable during the intervening year on alendronate alone, and increased 0.040 ± 0.03 g/cm 2 during TPTD retreatment. In the original cyclic group, average spine BMD increased 0.033 ± 0.04 g/cm 2 during the first TPTD course and 0.042 ± 0.04 g/cm 2 during TPTD retreatment. There were no significant differences in hip BMD after TPTD retreatment in either the daily or the cyclic group (data not shown).
The majority of women had spine BMD increases >3% (63% during the first TPTD course and 74% during TPTD retreatment). An increase in spine BMD that exceeded 6% was seen in 41% of subjects during the first course and 33% during retreatment.
TPTD retreatment was well tolerated. There were no withdrawals because of treatment emergent adverse events. Only one subject had minimally elevated serum calcium on one determination with return to normal spontaneously, without intervention, on the next determination.
DISCUSSION
Our results indicate that, in patients on established alendronate, who have had an initial treatment with TPTD, retreatment with TPTD (after a 12-mo interval on alendronate alone) stimulates an increase in bone formation and produces an average spine BMD increase similar to those seen during the first TPTD administration. Our findings suggest that patients who remain at high risk of fracture, despite a first course of TPTD, might benefit from a second discrete TPTD retreatment course given 12 mo later, with ongoing alendronate during and in between the two TPTD treatments.
The optimal length of treatment for TPTD remains unknown but may very well be <18-24 mo. TPTD effects on bone biochemistry are most marked during early administration (within 12 mo), and histomorphometric data confirm that the dramatic stimulation of bone formation seen early on with TPTD (16, 17) is no longer present at 18 mo. (18, 19) To avoid this apparent skeletal tachyphylaxis to TPTD, we suggested administering TPTD in repeated cycles of shorter duration. Because BMD is lost quickly in the absence of antiresorptive therapy after TPTD, (8, 9) bisphosphonates must be administered after TPTD to maintain BMD benefits. Therefore, the concept of TPTD retreatment depends on the anabolic potential of TPTD in the setting of established bisphosphonate treatment. Preliminary data from histomorphometric studies do suggest that FIG. 2. Median (IQR) biochemical levels during the first TPD course and during TPTD retreatment for the original daily group over 15 mo, respectively. There were no differences between the biochemical changes for OC or NTX between the first TPTD course and TPTD retreatment, but the increment for PINP was slightly lower during the TPTD retreatment vs. the first TPTD course (p = 0.04).
FIG. 3.
Mean spine BMD throughout the original TPTD course and the TPTD retreatment for the original daily (n = 15) and cyclic (n = 12) groups for all subjects who completed the full 42-mo protocol. Increments were significantly above baseline for the spine during the first TPTD course and retreatment in both groups (p 0.02 for both). There were no significant differences between increments seen during the first TPTD course and retreatment TPTD course in either of the groups.
when TPTD is given to women on prior long-term and continuing alendronate, structural benefits are seen (20) and bone formation is stimulated dramatically. (21) We have now shown biochemical and BMD benefits with short 3-mo cycles of TPTD (6) and longer 15-mo cycles of TPTD in women on prior and ongoing alendronate in this paper.
There is no way to determine from this trial whether continued cyclic administration of TPTD throughout the 42 mo may have been better than the approach used here: cyclic followed by daily administration. The continued utilization of cyclic therapy for 4 yr (comprising a total cumulative therapy duration of 2 yr) is being pursued in a separate ongoing study at our center.
Why the skeleton becomes resistant to the effects of ongoing TPTD administration is unknown. Downregulation of PTH receptors has not been shown but is a possible explanation; however, the time course for resistance to TPTD seems too delayed for this to be a likely explanation. Resistance could possibly be related to a TPTD-induced increase in osteocyte number or density (22) with increased production of sclerostin subsequently reducing further osteoblast formation. (23, 24) Alternatively, or additionally, it may be that the precursor pool for osteoblasts is exhausted after ;12-18 mo. Waiting for an additional 12 mo to allow the regeneration of the osteoblast precursor pool, while holding BMD stable on alendronate, is a viable approach to obviate this problem. Furthermore, if sclerostin-induced inhibition of osteoblast formation is involved in resistance to ongoing TPTD administration, reduced new bone formation during the intervening period off TPTD might be associated with lower osteocyte production and a renewed ability to respond to retreatment with TPTD. It is completely unknown, however, whether 12 mo off TPTD would be the optimal duration in between the discrete TPTD treatments.
In conclusion, TPTD is the only currently available anabolic compound that has the potential to produce greater improvements in bone strength than a potent antiresorptive medication (25) (26) (27) ; however, there are many questions that remain regarding its optimal use. Whereas our study is small and observational, it provides support for the concept that women who have had long-term and continuing bisphosphonate treatment can still manifest an anabolic response to TPTD (assessed by biochemistry and BMD). Women who remain at high risk of fracture after receiving a first course of TPTD treatment and continuing their bisphosphonate could be considered for a second discrete retreatment with TPTD ;1 yr later. Our results indicate that retreatment with TPTD (after a 12-mo interval on alendronate alone) will stimulate an increase in bone formation and produce an average spine BMD increase similar to those seen during the first TPTD administration.
